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ORIGINAL CLINICAL RESEARCH STUDIES
Carotid endarterectomy is one of the few surgi-
cal procedures whose efficacy has been tested with
randomized controlled clinical trials.1-7 The largest
and most influential of these studies are the North
American Symptomatic Carotid Endarterectomy
Trial (NASCET) and the Asymptomatic Carotid
Atherosclerosis Study (ACAS). The data and the
interpretation of the results from these studies have
formed the basis for formal practice guidelines for
the treatment of both symptomatic and asympto-
matic carotid stenoses.8-10 These guidelines now are
considered to be the standard of care for the treat-
ment of atherosclerotic carotid disease. However,
the surgeons who participated in these studies
regarding carotid endarterectomy were highly
selected and had shown a particular aptitude in per-
forming this surgical procedure.2,11 Both NASCET
and ACAS involved sites that were selected on the
basis of a history of high volume and low periopera-
tive morbidity and mortality rates. 
How do the outcome standards suggested by
studies in selected centers relate to what happens in
standard surgical practice? Are these suggested
guidelines generalizable to the average practicing
surgeon, and are the guidelines being followed?
What are the outcomes of carotid endarterectomy in
the era after NASCET and ACAS? To answer these
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questions, we completed a detailed audit of the
regional surgical experience of a large metropolitan
University–affiliated hospital system in Toronto,
Ontario, Canada.
METHODS
A comprehensive third-party review of all carotid
endarterectomy procedures that were performed in
the University of Toronto–affiliated hospital system
from January 1, 1994, to December 31, 1996, was
undertaken. All 27 vascular surgeons or neurosur-
geons at 8 different institutions who performed
carotid endarterectomies were approached and agreed
to have their charts during the study period reviewed.
The University of Toronto serves the largest metro-
politan area in Canada with a potential referral base in
excess of 5 million people. The surgical volume that
was performed at the contributing institutions reflects
approximately 90% of the carotid procedures that were
performed in metropolitan Toronto and 30% of the
annual number of the endarterectomies performed in
the Province of Ontario.
A total of 1342 carotid endarterectomies that
were performed in the study’s time interval were
identified through the Canadian Institute for Health
Information hospital discharge database by searching
for the procedure code 50.12 of the Canadian
Classification of Procedures. The existence of each
case was verified by searching each individual hospi-
tal database and by cross-referencing the actual inpa-
tient chart with the Canadian Institute for Health
Information database. Carotid artery surgeries for
procedures other than primary atherosclerotic occlu-
sive disease were excluded from the database.
Complex reconstructions that involved carotid
endarterectomy plus another procedure (eg, coro-
nary artery bypass graft procedures) and redo surg-
eries also were excluded. This left 1280 cases avail-
able for analysis.
A computerized database was designed (Microsoft
Access for Windows 95, Microsoft Corporation,
Seattle, Wash), and a data abstraction form was devel-
oped and tested. An independent, skilled chart
reviewer (B.B.) extracted 70 variables from each inpa-
tient chart. These variables related to patient demo-
graphics, comorbidities, operative indications, opera-
tive circumstances, technical aspects of the procedure,
and outcome within 30 days of the procedure.
The degree of carotid stenosis was determined
from the radiology reports using NASCET measure-
ment technique.1,11 Carotid stenoses were defined as
symptomatic or asymptomatic with the NASCET cri-
teria, namely an ipsilateral hemispheric or ocular event
within 120 days of the surgery defining the patient as
symptomatic. The symptomatic subjects were further
stratified as to the degree of symptomatology (previ-
ous stroke, transient ischemic attack [TIA], and
amaurosis fugax). The major outcome of interest was
stroke and death from any cause within 30 days of
surgery.
Any hemispheric neurologic event that lasted
more than 24 hours was classified as a stroke. Strokes
were further stratified as being either minor or
major. A major stroke was defined as an event that
resulted in a notable functional deficit that necessi-
tated significant rehabilitation, extended nursing
care, and aid in achieving the appropriate activities of
daily living. A minor stroke was defined as an event
that resulted in mild residual weakness but enabled
the subject to return home and to independently
achieve the activities of daily living. A 30-day follow-
up for neurological deficits was obtained from the
chart notations to the first postoperative visit. The
details regarding the technical aspects of the proce-
dure were obtained from the operative note and the
operating room records.
The internal validity of this abstraction process
was tested through periodic random chart samples at
2 separate hospitals and was reviewed by 2 indepen-
dent abstractors (D.S.K., B.B.). With this methodol-
ogy, a k coefficient of 1.0 was obtained for death,
0.90 for stroke, 0.90 for stroke or death, and 0.85 for
nonfatal stroke in 2 separate random samples of 39
and 45 charts. In this case, the convention that a k
statistic greater than 0.70 represents excellent repro-
ducibility can be used. The data from this audit were
entered into the computerized database and manual-
ly checked for errors before any statistical analysis. A
univariate analysis was conducted to assess the associ-
ation between various patient risk factors and the 30-
day stroke or death rate.12 This was followed by a
multivariate logistic regression analysis.13 All vari-
ables that were significant in the univariate analysis at
the level of P ≤ .20 were entered into a backwards
stepwise regression analysis with variables that were
significant at the level of P ≤ .05 kept in the final
model. Age and gender statistics were forced into the
model because they have been shown in other stud-
ies to predict complications after carotid endarterec-
tomy.14 The predictive performance of the model
was assessed with the calculation of the area under
the receiver operating characteristic curve.15
RESULTS
At the 8 participating institutions, 1280 carotid
artery procedures were identified. The mean number
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of endarterectomies that were performed per sur-
geon was 47, with the range from 3 to 140 during
the study interval. The overall death rate was 1.8%,
the stroke rate 4.5%, the TIA rate 1.6%, the myocar-
dial infarction rate 2.1%, and the nerve injury rate
5.7%. The combined death and stroke rate was 6.3%.
Three hundred fifty endarterectomies (27%)
were performed for asymptomatic disease as defined
by NASCET, 193 (15%) for amaurosis fugax, 374
(29%) for TIA, 317 (25%) for minor stroke, and
47(4%) for moderate stroke. Of these procedures,
1096 (86%) were performed with general anesthesia
and 185 (14%) with a regional technique. Three
hundred and two cases (24%) involved the use of a
temporary shunt, and the arteriotomy was closed
with a patch technique in 210 cases (17%).
A univariate analysis of the selective risk factors
and the outcomes for carotid endarterectomy was
undertaken. The results are presented in Table I.
The death and stroke rates correlated to the degree
of symptomatology with which the patients were
first seen. A statistically significant difference (P =
.006) was identified between the outcome associat-
ed with asymptomatic disease and that related to
endarterectomy performed for patients presenting
with a mild stroke. A significant relationship also was
noted between the outcome and the side of surgery.
Left-sided surgery had a significantly poorer out-
come (P = .029) than surgery that was performed
for right-sided disease.
To further analyze the outcomes that were relat-
ed to endarterectomy in this group of surgeons, we
examined the relationship between surgical volume
and operative outcome. Fig 1 illustrates the total
endarterectomy volume of the surgeons in this study
group. The figure shows that most of the participat-
ing surgeons were performing fewer procedures
than the mean number of the overall peer group.
Classification and regression trees (CART)16 were
used to define the thresholds for the surgeon vol-
ume. Each surgeon’s annual volume and complica-
tion rates were calculated. CART finds the optimum
cut point in the surgeon volume to divide the sur-
geons into 2 homogeneous groups in terms of com-
plication rates. The optimum threshold was found to
be an average annual caseload of 6 or more
endarterectomies. CART continued to divide the
remaining group (those performing at least 6 proce-
dures per year) into 2 further subgroups by again
finding an optimal threshold in surgeon volume.
The 2 resulting groups again were created to be as
homogeneous as possible in terms of the complica-
tion rate. Surgeons with medium volumes were
defined as those whose annual volume was between
6 and 12 cases per year, and surgeons with high vol-
umes were those who performed more than 12 pro-
cedures per year. These data are presented in Table
II. The medium-volume and high-volume groups
had significantly better outcomes than the low-
volume group (medium, P = .045; high, P = .0019).
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Fig 1. Total case volume of surgeons participating in University of Toronto Carotid Surgery reg-
istry from 1994 to 1996. All 27 participating surgeons were ranked according to surgical volumes.
The volume/outcome relationship that is identified
in this study is illustrated in Fig 2. The average annu-
al surgical volume is plotted against the 30-day
stroke or death rate. It suggests an inverse relation-
ship between an adverse operative outcome and
individual surgical volume.
A logistic regression model to identify the predic-
tors of complications following carotid endarterecto-
my is shown in Table III. This model shows that a
surgeon with a low volume is the most powerful pre-
dictor of complications after carotid endarterectomy.
Other significant predictors were left-sided surgery
and a symptomatic lesion. In this model, sex and age
greater than 75 years did not achieve statistical sig-
nificance, although their importance has been shown
in other studies.17,18
A univariate analysis of the technical aspects of
surgery and their relationship to the stroke or death
rate was performed. There was no significant relation-
ship between the use of a shunt and complications (P
= .751). Similarly, there was no significant relationship
between the use of a patch and outcome (P = .354).
The complication rate for surgeries on the right side
was 4.7%, and, on the left side, the rate was 7.7%. This
rate was significant at the .030 level. With the CART
methodologies, the clamp time was divided into 2
groups with a threshold of 42.5 minutes. The clamp
time was not significantly related to outcome (P =
.091). The complication rate for the patients who
underwent general anesthesia was 6.85%, and those
who received regional anesthesia had a complication
rate of 3.24%. This difference approached statistical
significance (P = .062). Aside from the side-of-
surgery rates, the technical variables were not includ-
ed in the risk-adjusted model because they were pos-
sibly confounded with surgeon’s skill and not severity
of illness.
To evaluate the relationship between hospital vol-
ume and operative outcome, the annual hospital vol-
ume and complication rates were calculated (Table
JOURNAL OF VASCULAR SURGERY
1054 Kucey et al December 1998
Table I. Univariate analysis of selected risk factors and outcomes for carotid endarterectomy in the
University of Toronto Carotid Surgery registry
Total number Nonfatal stroke Death or stroke P value 
Factor Level (% of cases) Death rate (%) rate (%) rate (%) (combined rate)
Sex Male 847 (66.1) 1.53 4.13 5.67
Female 434 (33.9) 2.3 5.3 7.6 .178
Age (years) 20 to 64 382 (29.9) 1.83 4.71 6.54
65 to 74 601 (47.0) 1.83 3.83 5.66 .5894
75+ 295 (23.1) 1.69 5.76 7.46 .6235
Surgeon type Vascular 630 (49.2) 2.22 3.65 5.87
Neurosurgeon 651 (50.8) 1.38 5.38 6.76 .515
% Stenosis Unknown 241 (18.8) 1.66 4.98 6.64
<70% 142 (11.1) 2.11 4.23 6.34 .9083
>70% 898 (70.1) 1.78 4.45 6.24 .8195
Comorbidity CHD 494 (38.6) 2.23 3.64 5.87 .594
Renal failure 43 (3.4) 4.65 4.65 9.3 .414
COPD 157 (12.3) 3.82 5.1 8.92 .154
Hypercholesteremia 420 (32.8) 1.67 2.62 4.29 .036
Diabetes 286 (22.4) 2.8 3.85 6.64 .81
Hypertension 861 (67.2) 1.86 4.18 6.04 .55
PVD 329 (25.8) 2.43 3.34 5.78 .624
Smoking status Never 365 (28.5) 1.64 4.11 5.75
Current 334 (26.1) 1.5 4.49 5.99 .8809
Former 580 (45.3) 2.07 4.83 6.9 .4738
Anesthesia General 1096 (85.6) 2.1 4.74 6.84
Regional 185 (14.4) 0 3.24 3.24 .063
Side of surgery Right 592 (46.3) 1.86 2.87 4.73
Left 688 (53.8) 1.74 5.96 7.7 .029
Primary diagnosis Asymptomatic 350 (27.3) 1.14 2.86 4
Amaurosis fugax 193 (15.1) 1.04 3.11 4.15 .9346
TIA 374 (29.2) 2.67 4.01 6.68 .1136
Mild stroke 317 (24.7) 2.21 7.26 9.46 .0058
Moderate stroke 47 (3.7) 0 8.51 8.51 .1732
Case type Elective 1196 (93.4) 1.67 4.52 6.19
Urgent/emergent 84 (6.6) 3.57 4.76 8.33 .435
Total 1280 1.8 4.5 6.3
CHD, Coronary heart disease; COPD, chronic obstructive pulmonary disease; PVD, peripheral vascular disease; TIA, transient ischemic
attack.
IV). As a result of the small sample size of 8 institu-
tions, only 1 of which was in the low-volume catego-
ry, we felt that appropriate statistical power was not
present for the further evaluation of this variable and
it was not included in the risk-adjusted model.
DISCUSSION
In the province of Ontario, Canada, the number
of endarterectomies that are performed on an annu-
al basis have doubled since the release of the
NASCET results in January 1991.19 Similarly, the
number of duplex imaging procedures that are per-
formed for carotid bifurcation disease has increased
dramatically since 1990.19 Therefore, not only are
more carotid endarterectomies being performed, but
a more intensive search is being made for this disease
process. As a result of the increases in both the diag-
nostic and treatment arms of the management
approach to carotid occlusive disease, public health
issues, including quality-of-care, are becoming more
and more important to health care providers.
The present study examines a regional experi-
ence of carotid surgery with particular reference to
perioperative morbidity and mortality rates. The
region that was selected for this study is the largest
university-affiliated hospital system in Canada. The
surgical group involved is comprised of vascular sur-
geons and neurosurgeons who perform carotid
endarterectomy and consists of a broad range of sur-
gical volume and experience. All of the participants
are certified specialists in vascular surgery or neuro-
surgery and have had appropriate postgraduate
training in carotid surgery.
Overall, the results of this study suggest that the
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Fig 2. Relationship between annual surgeon volume and 30-day stroke or death rate.
Table II. Surgical volume/outcome relationship
Group Number of cases Mortality rate Nonfatal stroke rate Mortality/stroke rate P value*
Low volume (<6/year) 38 (5 surgeons) 0.0% 18.4% 18.4%
Medium volume (6 < x <12/year) 262 (10 surgeons) 4.2% 3.8% 8.0% .0456
High volume (>12/year) 980 (12 surgeons) 1.2% 4.2% 5.4% .0019
*For complications as compared with reference group.
outcome guidelines put forward by NASCET (ie,
combined morbidity and mortality rates less than
6%) are being met by most high volume surgeons
who were involved in the study. However, the com-
bined results fall below the guidelines that were sug-
gested by ACAS (combined morbidity and mortali-
ty rates less than 3%) and, in fact, may approach the
threshold where no clinical benefit would be
achieved through aggressive surgery for asympto-
matic disease. These data support the findings of
other recent studies in this area.17,18
The proponents of surgery for asymptomatic dis-
ease would suggest that patients without symptoms
have an inherently lower risk from carotid surgery
and should not be compared to those patients who
undergo surgery as a result of related symptoms. To
address this issue, we have stratified the data accord-
ing to the degree of the presenting symptoms. The
individuals who had an endarterectomy performed
for asymptomatic disease had a lower complication
rate than those patients who had symptomatic dis-
ease. In the asymptomatic subgroup, the combined
morbidity and mortality rate remained higher than
that quoted in ACAS (2.3% perioperative morbidity
and mortality rate versus 4.0% in the present study).
This observation becomes even more significant
when one considers that ACAS included a 1.2% mor-
bidity and mortality rate associated with angiography
alone—we have not assessed morbidity and mortali-
ty rates during the work-up for carotid atherosclerot-
ic disease in this study. This would suggest that
endarterectomy for asymptomatic disease, at least in
the setting described in this study, remains a proce-
dure of uncertain benefit.
A recent paper by Wong et al20 in Edmonton,
Alberta, has shown that not only are regional
endarterectomy results below the expectations of
ACAS but also that the appropriateness of the surgi-
cal indications is questionable in a significant pro-
portion of the procedures that are undertaken. The
compiled data from the present study suggest that
the regional experience with carotid endarterectomy
in the University of Toronto–affiliated hospital sys-
tem would not favor the widespread use of carotid
endarterectomy for patients who are asymptomatic
without prior knowledge of surgeon-specific mor-
bidity and mortality statistics. In our database, sur-
geon-specific morbidity and mortality rates are avail-
able and suggest that, in the experience of some
operators, the surgical treatment of asymptomatic
carotid stenoses is justifiable according to the guide-
lines that were suggested by ACAS. However,
although only a small minority of surgeons fit the
ACAS criteria, endarterectomy for asymptomatic
disease was performed by virtually all of the partici-
pating surgeons in this cohort.
This study also has shown that side-of-surgery is
related to the operative outcome. The suggestion
that left-sided surgery has a worse outcome than
right-sided surgery also has been identified in the
moderate arm of NASCET (Dr Henry J. Barnett,
personal communication, 1998). This may be relat-
ed to the fact that strokes in the non-dominant
hemisphere—the right side in most people—might
be missed because minor strokes on this side may
involve areas of the brain parenchyma that control
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Table III. Logistic regression model to predict stroke or death rates in carotid endarterectomy
Parameter Odds ratio P value 95% CI for odds ratio
Low-volume surgeon (< 6) 3.98 .0021 (1.65, 9.58)
Medium-volume surgeon (6 < vol < 12) 1.53 .1150 (0.90, 2.60)
Symptomatic 1.74 .0666 (0.96, 3.12)
Left side 1.72 .0261 (1.07, 2.76)
Age > 75 years 1.21 .4601 (0.73, 2.03)
Female 1.34 .2218 (0.84, 2.13)
CI, Confidence interval.
The area under the receiver operating characteristic curve for this model was 0.577, and the P value for the Pearson goodness-of-fit test
was .3246.
Table IV. Mean hospital volume/complication
rate relationship
Mean annual volume Stroke/death rate
Institution number (cases/year) (%)
8 3.33 30.0
7 29.67 6.7
6 41.00 5.7
2 54.33 7.4
5 63.67 7.9
3 74.67 4.0
4 79.67 4.6
1 80.33 7.4
subtle higher functions, which are easily overlooked
during routine postoperative neurologic examina-
tions. Further studies in this area will be necessary to
better assess the reasons for this observation.
Why do some operators have lower complication
rates than others? The most significant finding in the
present study is that there is a surgical volume/surgi-
cal outcome relationship. A linkage between surgical
volume and procedural outcome also has been
demonstrated previously in the cardiac surgery liter-
ature.21-23 In addition, a number of small single-cen-
ter or community studies24 have suggested a signifi-
cant relationship between stroke rate and surgical
endarterectomy volume. However, most prior stud-
ies regarding this question were based primarily on
administrative data, which may have limited informa-
tion on patient characteristics that may influence sur-
gical outcome.25-27 Our data support the old adage
that “practice makes perfect” and suggests that sur-
geons who perform less than 6 endarterectomies per
year have a significantly less favorable outcome than
those who perform more than 12 procedures per
year. The surgeons in the moderate-volume group
fall in the middle range and serve to support the con-
cept of an inverse relationship between volume and
adverse outcome for carotid endarterectomy. Of
note, the minimal surgeon-volume criterion for the
participants in ACAS was 12 cases per year.
There are a number of ramifications of this obser-
vation. These data would suggest that endarterecto-
my may need to be restricted to surgeons with high
volumes to ensure the best outcome possible for the
patient. This may be particularly germane to the
treatment of asymptomatic carotid stenoses. If so,
who should be charged with the responsibility of this
redistribution process? Should it be left to the discre-
tion of the individual physician, or is it something
that should be addressed by regional or national
accreditation committees?
This study and the resulting data underline the
importance of ongoing prospective databases in the
definition and maintenance of formal regional prac-
tice guidelines for carotid endarterectomy. The
questions that have arisen regarding surgical volume
and outcome suggest that this issue may need to be
addressed to optimize the quality-of-care for this
disease process. This may involve the imposition of
guidelines that pertain to who should be performing
this procedure or at what type of institution this pro-
cedure should be offered. Large-scale randomized
controlled clinical trials usually are performed in an
optimal environment to decrease bias and con-
founding variables. Surgical volume requirements
and a low perioperative morbidity and mortality rate
were necessary for a physician to participate in either
NASCET or ACAS. As a result of the inclusion cri-
teria of these trials, the generalizability of the 6 stud-
ies to the average surgeon who performs carotid
endarterectomy becomes crucial and, as shown
above, is related not just to patient characteristics
but to the attributes of the operating surgeon.
We acknowledge the cooperation of the members of
the University of Toronto Carotid Study Group. The
institutions and members are listed in the Appendix.
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